Background: Despite an increased awareness of the condition, the diagnosis, classification, and treatment of recurrent posterior shoulder instability remain challenging. No clear relationship has been established between glenohumeral morphologic characteristics and the risk for posterior shoulder instability or with outcomes after treatment.
While posterior instability is relatively uncommon when compared with anterior instability, it has become increasingly more recognized as a challenging condition in athletic populations. Athletes typically develop posterior shoulder instability secondary to repetitive sport-specific motions that inflict microtraumatic stress to the posterior capsulolabral complex. This pattern of recurrent microtrauma predisposes the athlete to capsular attenuation and labral tear. 2, 7, 8 Despite an increased awareness of this condition, the diagnosis, classification, and treatment of recurrent posterior instability remain challenging.
Many operative procedures have been described for the treatment of posterior instability. With improvements in technology, coupled with an enhanced appreciation of shoulder pathoanatomy, there has been a general shift from open to arthroscopic repair and from nonanatomic to anatomic repair. Advantages of arthroscopic repair include improved delineation of the intra-articular pathologic changes associated with posterior instability, such as posterior capsular laxity, posterior capsular tears, and detachment of the posterior capsulolabral complex. 11, 17, 23 While recent literature supports arthroscopic capsulolabral repair as an effective and reliable means of managing posterior shoulder instability, our understanding of this condition and its treatment is far from complete.
Many glenohumeral morphologic characteristics-including glenoid hypoplasia, glenoid bone loss, glenoid retroversion, engaging humeral head defects, and increased humeral head retrotorsion-have been investigated as potential causes of posterior shoulder instability. 2, 4, 9, 18, 22, 24, 25 However, no clear relationship has been established between these structural characteristics and the risk for posterior shoulder instability or with outcomes after treatment. The purpose of this study was to examine the native width and version of the glenoid structures in a large series of athletic patients with symptomatic unidirectional posterior instability and correlate these findings with the objective and subjective clinical outcome of arthroscopic posterior capsulolabral repair.
METHODS

Patient Selection
A group of 183 consecutive athletes (200 shoulders) were treated with arthroscopic capsulolabral repair for isolated posterior shoulder instability between January 1998 and December 2009. Of the total population of 200 shoulders, 118 magnetic resonance imaging (MRI) arthrograms were performed at our institution and were available for review. These 118 shoulders formed the study population for this series. Institutional review board approval was obtained, and all patients were informed and agreed to participate before the initiation of the study. Inclusion criteria were athletes of any level, a minimum 1-year follow-up, the presence of unidirectional posterior instability, and the absence of symptoms of instability in any direction other than posterior. Patients who displayed posterior-inferior instability or multidirectional instability and patients with habitual or psychogenic voluntary shoulder subluxation were excluded from the study. The sulcus test was used to identify patients with inferior stability, as athletes with a positive finding who did not correct with external glenohumeral rotation were subsequently excluded from this study. All patients included in the study failed an initial 4-to 6-week course of preoperative physical therapy for motion and strength as well as avoidance of aggravating activities. The timing for surgery was based on patient preference, sport, level of competition, and desire to return to competitive athletics.
Patient Evaluation
Both preoperatively and at the latest follow-up, patient outcome was evaluated with the American Shoulder and Elbow Surgeons (ASES) shoulder score (0-100), which combines a subjective functional scale measuring activities of daily living (ADL; 0-3 for each of 10 tasks; total score range, 0-30) and a subjective pain scale (0-10; 10 = worst). In determining the overall ASES score, equal weight is given to the cumulative ADL score and the amount of pain experienced by the patient. This measure is calculated by the following formula, as published by Richards et al 20 : overall ASES score = [(10 -pain score) 3 5] 1 [(5/3) 3 ADL score]. Because the ASES scale does not measure stability, a subjective stability scale was added preoperatively and at each follow-up. As with the ASES pain score, subjects were asked to rank perceived instability on a scale of 0 to 10 (0 = completely stable, 10 = significantly unstable). At final follow-up, we also identified patients who failed arthroscopic repair and went on to a revision capsulolabral repair.
Operative Treatment
Patients who met our inclusion criteria and failed nonoperative management were selected for surgery. All procedures were performed by the senior author (J.P.B.). Before each operation, an examination under anesthesia was performed. At the start of each surgery, a diagnostic arthroscopy was performed to identify pathologic changes within the posterior capsulolabral complex, including a patulous capsule, capsular tears, labral fraying, and labral tears. Once the pathologic abnormalities were identified, the procedure was tailored to the specific injury pattern. One of 3 procedures was performed according to preoperative clinical examination, magnetic resonance angiography, examination under anesthesia, pathologic findings at diagnostic arthroscopic surgery, and surgeon experience: (1) capsulolabral plication without suture anchors, (2) capsulolabral plication with suture anchors, or (3) capsulolabral plication with suture anchors and additional plication sutures. In general, shoulders with a patulous capsule without a discrete labral tear underwent capsulolabral plication with or without suture anchors. Those with labral tears underwent capsulolabral plication with suture anchors. In patients with a labral tear, the capsule was evaluated for residual laxity after the capsulolabral repair, and additional plication sutures were placed as indicated. The techniques for these operative repairs have been described. strength and endurance compared with the contralateral side, a sport-specific rehabilitation protocol was initiated.
Radiographic Evaluation
Magnetic resonance angiography was performed on a 1.5-T Siemens or GE Healthcare scanner with a phased array shoulder coil. Patients were injected with approximately 15 mL of a typical diluted gadolinium solution (0.2 mmol/L). The magnetic resonance protocol was standardized; the shoulders were positioned in mild external rotation; and the following images were obtained: axial T1 weighted, oblique coronal T1-(fat saturation) and T2-weighted images parallel to the supraspinatus tendon, and orthogonal oblique sagittal T1-and T2-weighted (fat saturation) images. Oblique axial T1-weighted fat saturation images parallel to the humerus in the abducted externally rotated position were also obtained.
We made 3 measurements of glenoid version. We described retroversion by positive angles and anteversion by negative angles. These 3 measurements were made on the same axial image at the inferior one-third level of the glenoid ( Figure 1 ). We defined the axis of the scapula with a reference line drawn from the midpoint of the glenoid to the same point on the medial rim of the scapular blade (Figure 2 ). This same reference line was used for determining labral version, chondral version, and bone version. Labral version was measured as described by Kim et al. 12 It was defined as the angle formed by a line perpendicular to the reference line and a line connecting the apex of the anterior and posterior labrums. Chondral version was measured with a line connecting the apex of the chondral surfaces at the chondrolabral junctions anteriorly and posteriorly. Bone version was measured with a line connecting the apex of the subchondral bone anteriorly and posteriorly.
Two measurements of glenoid width were measured on the same axial image as glenoid version (Figure 3 ). Labral width was measured from the apex of the anterior labrum to the apex of the posterior labrum. Bone width was measured from the apex of the subchondral bone anteriorly and posteriorly ( Figure 3) .
We also calculated ''labral weight'' for glenoid version and width. We defined the labral version and width weights as the relative proportion of the labrum's presence alone when compared with the bone-labral complex overall. We calculated labral version weight as (labral version -bone version) / bone version and labral width weight as (labral width -bone width) / bone width. These calculations expressed the effect of the labrum alone as a percentage of the overall version and width for the glenoid cavity.
Statistical Analysis
The preoperative and latest follow-up ASES scores, stability scores, functional scores, and pain level findings were compared with preoperative MRI measurements through linear regression analyses. Comparisons between MRI findings between dichotomous groups (contact/noncontact, throwing/ nonthrowing, and surgical successes/failures) were made with the Student t test and chi-square analyses. Statistical analyses were performed with a set at 0.05.
RESULTS
This cohort of 118 shoulders was composed of 80% male subjects (n = 94) and 20% female subjects (n = 24), while 55% of athletes were participants in contact sports and 28% were involved in overhead throwing activities. The mean follow-up was 36.7 months (range, 12-115 months), and the mean patient age was 24.3 years (range, 15-65 years). The overall mean 6 SD labral, chondral, and bone versions were 10.8°6 4.4°, 10.1°6 4.0°, and 9.5°6 3.7°, respectively. The mean labral width was 30.9 6 3.3 mm, and the mean bone width was 28.9 6 2.7 mm.
Glenoid bone width and bone version both predicted preoperative pain and ASES scores, with patients with wider (slope, 1.3; P \ .05) and more retroverted glenoids (slope, 0.94; P \ .05) having better average preoperative pain and ASES scores than subjects with narrow and more anteverted glenoids. At final postoperative follow-up, patients with wider glenoids continued to have better pain and ASES scores (slope, 1.0; P \ .05). In contrast, no significant differences in postoperative outcome scores were detected among subjects with regard to glenoid bone version. Of note, the functional score of the ASES scoring system and the subjective stability scale showed no variation in terms of glenoid bony width or version at either the preoperative or follow-up time point. Last, there was no correlation between chondral and labral width or version with any outcome measure preoperatively or postoperatively.
With regard to the operative failures requiring revision surgery, 13 patients in our MRI cohort had unsuccessful initial capsulolabral repairs. Each of these patients had an ASES scores \60 and stability scores 6. When the MRI characteristics of failed stabilization surgeries were examined, several differences were noted between patients with postoperative success and those with failure after arthroscopic stabilization. Labral version (t = 2.2, P = .03) was found to have a significant effect, with failures having 3°less retroversion than the successful cohort. Bony version and labral version weights were not noted to have a significant effect on operative success. Labral width (t = 2.4, P = .02) was found to also significantly differentiate surgical outcomes, with patients with failed operations having a 3.0-mm smaller overall width of the glenolabral complex. Furthermore, labral width weight was found to approach significance (t = 1.9, P = .055). In patients with successful operative outcomes, there was an average 7.3% added width to the glenolabral complex by the labrum alone. In failed operations, this value dropped 2-fold, with only 3.2% added width by the labrum alone. In the scatterplot of operative successes versus failures, those with \32 mm of labral width were noted to have a 15% likelihood of failure, while those with labral width .32 mm had a 4% likelihood of failure.
DISCUSSION
Recently, large prospective studies have demonstrated the success of arthroscopic posterior glenohumeral stabilization. Bradley et al 2 prospectively presented an 89% success rate in return to play after posterior stabilization in 100 shoulders (91 athletes), concluding that arthroscopic capsulolabral repair was an effective and reliable treatment for symptomatic unidirectional posterior instability. Similarly, Savoie et al 21 recently reported a 97% success rate in 92 patients who underwent arthroscopic posterior capsulolabral repair for posterior glenohumeral instability. The patient population of the present cohort, 200 shoulders in 183 athletes, effectively doubled the size of the largest currently published study. Overall, 94% of patients were satisfied with their postoperative outcomes. 3 Measures such as ASES score, stability, pain, and function were all significantly improved postoperatively. Both contact and noncontact athletes showed similar functional improvements on subset analysis. With regard to return to play, 90% of all patients were able to return to their respective sports, and 64% of these athletes returned to their baseline level of function. While these studies demonstrated that arthroscopic treatment of unidirectional posterior shoulder instability is effective in regard to stability, pain relief, and functional restoration for contact and noncontact athletic populations, no clear relationship had been established between glenoid structural characteristics and the risk for posterior shoulder instability or with outcomes after treatment. This study was the first to examine the structure of the glenoid in the largest reported series of athletic patients with symptomatic unidirectional posterior instability treated with arthroscopic posterior capsulolabral repair and to correlate these findings with the patients' objective and subjective clinical outcomes.
Anatomic studies have demonstrated varying degrees of glenoid retroversion and width. Churchill et al 5 reported mean glenoid retroversion of 1.2°, while Mallon et al 14 reported mean glenoid retroversion of 6°. Others have demonstrated increasing glenoid version with glenoid pathologic abnormalities, including those with glenohumeral arthritis and instability. 2, 6, 9 Hurley et al 9 used computed tomography scans to evaluate the glenoid version in a group of patients with recurrent posterior shoulder instability, noting retroversion of 10.5°in 12 patients treated surgically, 9°in 8 patients treated nonoperatively, and 4°in the control group of 10 patients. Glenoid width tends to vary from superior to inferior, with the upper glenoid width reported to average 23 mm and the lower glenoid width 29 mm. 10 Differences have been reported between male and female glenoids, with mean glenoid width reported to be 27.8 mm in males and 23.6 mm in females. 5 However, in these studies and the current study, the size of the glenoid has not been normalized for body size.
Bradley et al 2 evaluated the chondrolabral version and bony version in 48 patients with posterior shoulder instability treated with arthroscopic capsulolabral repair and compared these patients with a control group of 10 age-matched patients. In patients with posterior shoulder instability, the mean chondrolabral version was 10.7°and the mean bony version 7.1°. These values were significantly higher than those of the control group, in which the mean chondrolabral version was 5.5°and the bony version 3.5°. Similarly, Kim et al 13 measured the chondrolabral version and osseous version in 33 patients with recurrent atraumatic posteroinferior multidirectional instability. In this series, they excluded patients with traumatic unidirectional posterior instability and shoulders with a documented labral tear. They compared these patients with an age-matched control group of 33 patients. They found that the shoulders with posteroinferior instability had more retroversion of the chondrolabral (7.0°vs 2.3°) and osseous (4.6°vs 1.4°) portions of the inferior plane of the glenoid.
Our measurements of the mean glenoid version are consistent with these previous studies. The labral version (10.8°) in our patient population is the same measurement as the chondrolabral version reported by Bradley et al 2 (10.7°) and Kim et al 13 (7.0°). The bony retroversion was slightly lower than the chondrolabral version, a pattern also consistent with these previous studies. These measurements reinforce the finding that patients with symptomatic posterior shoulder instability tend to have increased glenoid retroversion. It is unclear from these studies, however, whether this increased glenoid retroversion is a cause or a result of posterior shoulder instability.
Recently, Owens et al 18 prospectively followed a healthy group of 714 young athletes for the development of posterior shoulder instability. They found that the strongest risk factor for the development of posterior instability was increased glenoid retroversion, with every 1°of increased retroversion leading to a 17% increased risk of subsequent posterior shoulder instability. Specifically, the median retroversion in noninjured participants was 7.7°, compared with 17.6°in the injured participants. This study was the first to demonstrate that increased retroversion before injury is a prospective risk factor for subsequent posterior instability.
The correlation between glenoid version and outcomes after posterior shoulder stabilization had not previously been reported. Interestingly, in our series, patients with more retroverted glenoid bone had better average preoperative pain and ASES scores. However, we found no significant differences in postoperative outcome scores among subjects with regard to labral, chondral, or bony glenoid version. When the failures were specifically investigated, they had approximately 3°less labral retroversion than the successful cohort. However, there was no difference between the successes and the failures with respect to bony version and labral version weight. Kim et al 11 described 4 types of posteroinferior labral lesions on the basis of arthroscopic findings, which they correlated to findings on the MRI arthrogram. Type 1 was defined as incomplete stripping, type 2 as a marginal crack, type 3 as a chondrolabral erosion, and type 4 as a flap tear. In the type 2 and 3 tears, the labrum loses its height and becomes flat. The labral weight for the glenoid version calculation that we performed in our series quantified the relative contribution of the labrum to the version when compared with the bone-chondral-labral complex overall. Although the patients in our series were not designated into 1 of the 4 posteroinferior labral lesion types, the labral weight calculation sought to quantify the loss of labral height from the tear. Overall, we found that labral version weight did not have a significant effect on operative success. Kim et al 12 also reported on a separate group of 31 patients, noting chondrolabral version of 7.0°in patients with type 2 and 3 posteroinferior labral lesions and 2.3°in control patients. They did not find any difference in results after stabilization among patients with type 1, 2, 3, or 4 lesions.
While much of the focus of previous investigations of the interaction between glenoid morphology and posterior shoulder stability has focused on glenoid version, glenoid width had a more significant effect on outcomes in our series. Increased glenoid bone width led to better pain and ASES scores at both the preoperative and final follow-up time points. Furthermore, patients with failed operations were noted to have approximately a 3-mm decrease in the overall width of the glenolabral complex, with those with \32 mm of labral width having a 15% likelihood failure and those with labral width .32 mm having a 4% likelihood of failure. Although we did not specifically calculate glenoid bone loss as a percentage of the patient's normal glenoid, the glenoid width likely plays a role in the containment of the glenohumeral joint in a similar fashion. More investigation is warranted into the effect of glenoid width and posterior bone loss on the risk for posterior shoulder instability and on the outcomes after nonsurgical, arthroscopic, or open treatment. Specifically, there is no consensus on the amount of posterior glenoid bone loss that may lead to unsuccessful arthroscopic treatment and the need for open bony reconstruction. 16, 22 This study reinforces the idea that a number of factors influence the stability of the glenohumeral joint, including the osseous features of the glenoid investigated with this study. The muscular dynamic stabilizers, intraarticular negative pressure, capsular and ligament tension, and labrum also all contribute to overall joint stability. Likely, there is not one osseous characteristic that dictates risk for posterior instability or success with treatment. Rather, a combination of osseous features, including version and width, contributes to overall joint stability. This notion has been understood with the hip joint and defined with the McKibbin instability index, which is the sum of the angles of femoral and acetabular anteversion. 15 This index is based on the assumption that the effects of femoral and acetabular anteversion may be additive or may offset one another. In the same fashion, a true understanding of the role of osseous morphologic characteristics on shoulder stability should include an evaluation of humeral position and torsion. Understanding the role of the humerus in posterior shoulder instability is an area for future research.
Limitations of this study include the fact that we were unable to correlate the chronicity of symptoms or the number of instability events with the glenoid morphology or the clinical outcomes. We also were not able to correlate specific types of repair to the glenoid structure or to any postoperative MRI. Also, although our measurements were consistent with previous studies, having multiple reviewers performing the measurements of the glenoid would strengthen the conclusions.
In conclusion, we found more glenoid retroversion in this group of patients than what previous studies have demonstrated in normal populations. However, we found no significant differences in outcome scores after treatment among subjects with regard to glenoid version. We did note that increased glenoid width predicted better outcomes after posterior capsulolabral repair. More investigation is warranted into the role of bone loss, version, and the contribution of humeral structure in posterior shoulder instability.
